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ABSTRACT 
Biochar was prepared from rice straw using hydrothermal carbonization method which 
consisted of zinc chloride treatment. The effects of hydrothermal temperature, time and 
biomass/water rate on methylene blue removal from aqueous solution were investigated. 
Besides, response surface modeling (RSM) and the central composite design – face centered 
(CCF) method will be used in designing experiments. It was found that the optimal conditions 
for high efficiency of biochar were such that: temperature of 194.07 °C, 9.00 hours and 
biomass/water ratio of 10 wt%, which resulted methylene blue removal of 92.56 %. 
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1. INTRODUCTION 
Agricultural waste would be an attractive starting precursor for carbonaceous materials 
because of its abundance, low cost, excellent properties and special structures [1, 2]. 
Accordingly, numerous carbonaceous materials derived from renewable biomass have been 
reported, and some of them were applied in water purification [3]. In addition, most of the 
reported adsorbents were synthesized in hash conditions with high temperature and toxic 
reagents, which was uneconomic, energy–intensive and non–environmentally friendly. 
Therefore, it is of great importance to develop a novel approach to synthesize biomass–derived 
adsorbent under mild conditions. 
Hydrothermal carbonization (HTC) is a novel thermal conversion process, which provides 
an eco–friendly approach to obtain various carbonaceous materials under mild conditions (up to 
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180 °C). It shows distinct advantages over pyrolysis in that it can process wet biomass, thus 
avoiding a substantial drying cost for typically wet biomass feedstock [4]. In our efforts towards 
biomass waste disposal and resource recovery, we have developed a facile and low–cost 
approach for synthesizing a carbonaceous adsorbent from rice straw under low temperature 
hydrothermal condition. 
2. MATERIALS AND METHODS 
2.1. Materials 
Rice straw (RS) as precursor was obtained from Binh Chanh farmer in Ho Chi Minh City, 
Vietnam. Zinc chloride (ZnCl2) and methylene blue (MB) were provided by Xilong Chemical 
Reagent Co., China. Deionized water was used to prepare all solutions. 
2.2. Preparation of biochar 
RS was washed with water and subsequently dried at 105 °C for 24 h to remove moisture 
content. The dried RS was milled into powder and sieved through a 250 μm sieve before loading 
into a teflon–lined autoclave (100 mL) with ZnCl2 (7.5 g) and deionized water (50 mL). 
Hydrothermal carbonization step was carried out at temperature from 160 to 180 °C, under time 
from 3 to 9 h and with RS/water ratio from 5 to 15 wt%. After cooling to room temperature, the 
solid product was collected by vacuum filtration, washed with deionized water and stirred in 1 L 
of deionized water overnight to remove the residual ZnCl2. Then, the biochar (BC) was got by 
vacuum filtration, and washed with deionized water and dried in a vacuum. 
2.3. Adsorption studies 
For batch adsorption studies, 0.1 g of adsorbent were mixed with 100 mL aqueous dye 
solutions of 50 mg/L initial concentration in 250 mL glass flasks. The mixture was agitated at 
400 rpm for 120 minutes to reach the adsorption equilibrium. The MB concentration of the 
solution was analyzed at wavelength of maximum absorbance (664 nm) by UV–vis spectrometry 
(Labomed Spectro UV – 2650), and the MB concentration after adsorption was calculate 
according to the standard curve. All samples were filtered prior to analysis in order to minimize 
interference of the solid with the analysis. All the experiments were conducted at 30 °C. The 
percentage removal at equilibrium was calculated as follows: 
 ۻ۰	ܚ܍ܕܗܞ܉ܔ	ሺ%ሻ ൌ 	 ۱ܗି	۱܍۱ܗ 	ൈ ૚૙૙ (1) 
where Co and Ce are the liquid–phase MB concentrations at initial state and at equilibrium 
(mg/L), respectively. 
2.4. Design of experiments 
In this work, response surface methodology (RSM) is a collection of mathematical and 
statistical techniques that are useful for modeling and analysis of problems in which a response 
of interest is influenced by several variables [5]. A standard RSM design called the central 
composite design – face centered (CCF) was applied to study the variables for preparing BC 
from RS. This method can reduce the number of experimental trials needed to evaluate multiple 
parameters and their interaction. Generally, the CCF consists of three kinds of runs which are the 
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2n factorial runs, 2n axial runs and six center runs, where n is the number of factors. The BC was 
prepared using hydrothermal carbonization method. The variables studied are hydrothermal 
temperature (x1), hydrothermal time (x2) and RS/water ratio (x3). For each categorical variable, a 
23 full factorial CCF for the three variables, consisting of 8 factorial points, 6 axial points and 6 
replicates at the center points were employed, indicating that altogether 20 experiments were 
required, as calculated from equation (2) [3]: 
 N = 2n + 2n + nc = 23 + 2 * 3 + 6 = 20 (2) 
where N is the total number of experiments required and n is the number of factors. 
The complete design matrix of the experiments carried out, are shown in Table 1. 
Table 1. Design matrix of the experiments. 
Variables (factors) Code Coded variable levels –1 0 +1 
HTC temperature, °C x1 160 180 200 
HTC time, h x2 3 6 9 
RS/water ratio, wt% x3 5 10 15 
 
The experimental sequence was randomized in order to minimize the effects of the 
uncontrolled factors. The response was MB removal (Y). It was used to develop an empirical 
model which correlated the response to the three BC preparation variables using a second degree 
polynomial equation as given by equation (3): 
 
 
(3) 
where Y is the predicted response, bo is the constant coefficient, bi is the linear coefficients, bij is 
the interaction coefficients, bii is the quadratic coefficients and xi, xj are the coded values of the 
activated carbon preparation variables. 
2.5. Model fitting and statistical analysis 
The experimental data were analyzed using a MODDE statistical software version 5.0 
(Umetrics Inc., Switzerland) for regression analysis to fit the second–degree polynomial 
equation and also for the evaluation of the statistical significance of the equations developed. 
2.6. Characterization of optimized biochar 
Scanning electron microscopy (SEM) by using Hitachi – S4800 analysis in Nano 
Technology Laboratory, The Research Laboratories of Saigon Hi–Tech Park was carried out on 
the biochar prepared under optimum conditions, to study its surface morphology. 
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4. CONCLUSIONS 
RSM was successfully used to investigate the effects of preparation variables on the MB 
removal. HTC temperature was found to be the most significant effect on responses. In contrast, 
the RS/water ratio was insignificant on the response. The optimum BC was obtained by using 
HTC temperature, HTC time and RS/water ratio of 194.07 °C, 9.00 h and 5.00 wt%, 
respectively, resulting in MB removal of 92.56 %. The surface of prepared BC was larger than 
the surface of precursor. 
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